INTRODUCTION

Russian olive (Elaeagnus angustifolia L.) is a species of
Elaeagnus which is drought-resistant, saline-alkali-tolerant and widely distributed in north China, Kazakhstan, Russia, Poland, the United States, Canadian, etc (Ahmadiani et al., 2000) . Russian Olive has the same clinical therapeutic effect with Smecta in treating acute infantile watery diarrhea by reducing both severity and durations of diarrhea disease, and superior to Smecta in decreasing volumes of watery diarrhea and ORS intake (Duolikun et al., 2007) . It has been shown that the extract of Russian olive play the role of anti-diarrhea and inhibit intestinal propulsive after studying with experimental mice diarrhea and treatment (Keshan and Jianyun, 2007; Hossein and Mohammad, 2003; Field Guide to Plants of China, 1972) .
Previous research showed that different extraction temperature, time length and solvent multiples have significant effects on the extract concentration with certain extraction solvent. However, the mathematical relationship among them needs to be established and well explained. The change in regulations of extract concentration needs to be expounded. The established kinetic model of the mass-transfer process of soluble solids (SS) in Russian olive needs to be validated exactly. These problems mentioned above were solved in this paper.
MATERIALS AND METHODS
The raw material of the experiment is complete mature dry Russianolives. They were purchased from Kashi in Xinjiang. After selection, they were enucleated and crushed up, and the samples were kept in clean and dry bottles.
For each experiment, the samples of Russian-olives were soaked in purified water. According to the multiple solvent, extraction temperature and extraction time, the SS concentration in the solution was detected with the handheld refractometer in the different extraction conditions. Each experiment was carried out in triplicate.
The modeling of the extraction dynamics in Russian Olive
The balance relationship of the extraction system whose mechanism has not been completely removed is complex. But a widely adopted simple model, hypothesizes, is described as follows: an infusibility porous solid contains the amount of solute which cannot be absorbed by the solid. For the amount of solvent, *Corresponding author. E-mail: kangjian505@sina.com. Tel: 13629945917.
solute contents is considered under the saturated solubility. If the solid has sufficiently contacted with the solvent for a long time, solute could completely dissolve and liquid concentration in the lacuna of solid will be equal to the concentration of the surrounding liquid. At this time, the liquid composition will be stable. Theoretically, the extraction process of solid includes three stages: 1) solvent is permeated into the solute and solute begins to dissolve; 2) dissolved solute diffuses across the inside of the solid to the interface; 3) solute continues to diffuse from the interface across the liquid film to the main body of the external solvent.
Among the three stages, stage 1 and 3 which are not the crucial factors can be neglected while the stage 2 is vital for the extraction speed because the solute concentration changed during the extraction process and it decreased with the passing of time, so this process is actually a unstable diffusion according to the Fick's Law. In fact, the extraction operation depends on the control of internal diffusion.
Fick's first law relates the diffusive flux to the concentration field, by postulating that the flux goes from regions of high concentration to regions of low concentration, with a magnitude that is proportional to the concentration gradient (spatial derivative). In one (spatial) dimension, this is:
Where JA is the diffusion flux in dimensions of ((amount of component A) length In a multicomposition mixture, total molarity equals the sum of every component's molarity. mA is the quality of component A (kg); MA is the molecular weight of component A; V is the volume of the compound (m 3 ) To the diffusion of the SS in Russian olive in water, for the sake of convenience, considering the diffusion area, the Fick's first law used for describing the extraction process can be derived as follows (Yaping and Weilun, 1997 The relationship between D and extraction temperature can be described by equation of Arrhniues (Jiufang et al., 1993) in a detailed extraction process:
Where, A is the the pre-exponential factor (m 2 /s); E is the diffusion activation energy (J/mol); R is the gas constant (J/mol·K); T is the absoluted temperature (K); E and R are constant, pre-exponential factor A can be regarded as the diffusion coefficient at some basic temperature. Diffusion coefficient D is not only related to temperature but also to the concentration of solute.if (Aikemu and Xinjiang, 2007) :
Where, ρ is the volume concentration of solute in the main solvent (g/mL).
The effects of concentration on diffusion flux can be reflect by (5) with the change of index n. In a general way, diffusion coefficient decreases with the increase of the concentration of solute, therefore, n<0.
D0 which is neither related to the temperature nor to the concentration, is only related to character of material, called natural diffusion coefficient.
The extraction is carried under the stable condition, and the particular concentration of diffusion surface is changing with time during the extraction process, as a result, concentration gradient is the function of not only the space but also the time.
Factually, as to the special diffusion surface, the larger the concentration gradient, the larger the diffusion force and the quicker the diffusion proceeds.
If the changing rate of time of the concentration gradient is indirect proportion to the temporal concentration gradient (Aikemu and Xinjiang, 2007) : (6) Where, α is the rate constant and concentration gradient decreases with the hoist of concentration of solute and the process. α<0.
, the integral of (6) is:
The relationship between concentration gradient and time is:
Put (4), (5), (7) into (3), then we get:
SS exists in the flesh tissue under the skin of the Russian olive which has long olivary shape, and the thickness of the skin is extremely shorter than the length and diameter of the Russian olive itself. Therefore, the extraction process of SS can be simplified as single dimension diffusion under the condition of long flat, and formula (8) can be used to describe the extraction process. At this moment, the diffusion area S of SS in Russian olive is in direct proportion to absolutely dry biomass G S=kG
Where k is the surface area of Russian olive in each quality (m 2 /g) Total amounts m of SS at T moment has something to do with volume concentration of solute and volume of solvent in the main solvent:
where ρ is the volume concentration of solute in main solvent (g/mL); V is the volume of solvent (mL) Put (9), (10) into (8):
If t = 0, ρ = 0, the integral of (11) For n<0, α<0, formula (12) can be changed as follows:
The calculated value of sugar content  Y (%), which is also called Brix, can be used to reflect the concentration of SS in Russian olive. In fact, while using handheld sugar meter, refraction of material is determined.
And refraction is the quotient of the sine of angle of incidence and sine of angle of refraction. For the same material, the refraction is in direct proportion to its concentration. Where, m2 is the quality of the solvent (water) (g); D2 is the density of the solvent (water),D2 =1 (g/mL); V2 is the volume of the solvent (water), (mL); because m<<m2, m2 = D2V2 = V2 and V2 ≈ V, (14) could be recomposed:
Put (15) 
βT-the constant when extraction temperature T is taken into account. It is related to extraction multiplied by B and time t. the extraction test of SS in Russian Olive was carried out when keeping the extraction multiple B and time t stable and the test value Yi of the extraction concentration at different extraction temperature gotten. Then βT and β2 can be calculated by the liner regression between ln Yˆ and T
.
3) When only the extraction time t is taken into account, extraction multiples B and temperature T is kept stable, formula (20) could be gotten:
βt -the constant when extraction time t is taken into account. It is related to extraction multiples B and temperature T.
The extraction test of SS in Russian Olive is carried out when keeping the extraction multiples B and temperature T stable and getting the test value Yi of the extraction concentration at different extraction time.
The value of βt and α can be calculated by least squares and fitting iterative methods with Yi. The calculation steps are omitted. Lastly, the calculated results are: -0.8701; β2=-1322.2725; α=-0.6655; β0 = 8.0913 Put the final β0, β1, β2, α into (20) 
β1=
RESULTS AND VERIFICATION
A comparison of predicted and experimental SS concentration in different solvent multiples of whole Russian olive during extraction at temperature of 80℃ and time of 1.5 h is shown in Table 1 and Figure 1 .
Every point in the experiment curve of each figure is the mean of SS concentration that was tested three times and the standard deviation was less than 0.3. It shows that the calculation gotten from formula (21) for SS concentration fits very well with the experiment (χ2=0.68, P>0.995).
A comparison of predicted and experimental of SS concentration in different extraction temperature of whole Russian Olive during extraction at the solvent multiple B of 6 and time of 1.5 h is shown in Table 2 and Figure 2 .
Every point in the experiment curve of each figure is the mean of SS concentration that was tested three times and the standard deviation was less than 0.3. It shows that the calculation gotten from formula (22) for SS concentration fit very well with the experiment (χ2=0.68, P>0.995).
A comparison of predicted and experimental of SS concentration in different extraction time of whole Russian Olive during extraction at the solvent multiple B of 6 and temperature of 80°C is shown in Table 3 and Figure 3 . Every point in the experiment curve of each figure is the mean of SS concentration that was tested three times and the standard deviation was less than 0.3. It shows that the calculation gotten from formula (23) To sum up, the model can predict accurately to a large extent, and describe well the extraction dynamic process of SS concentration of Russian Olive, as well as reflect the correct relationship between SS concentration and extraction temperature, extraction time and solvent multiples. 3) The effect of extraction temperature, time, solvent multiples on SS concentration has been studied and the corresponding regulation has been gotten. Generally, the lower the multiples, the higher the temperature, the longer the time and the higher the SS concentration. However, there exist limitations if we keep reducing multiples and increasing time to some extent, the increase of SS concentration is limited. So there exist the most economic extraction time and solvent multiples, but the specific level is connected with extraction temperature. 4) When compared with Fick's law, this model is used simple and convenient. Under the same conditions (solvents, origin of materials, material maturity, etc), Russian olive extract concentration values  Y (%) can be calculated in different extraction process, and the production process of extraction can also be predicted and controlled if the extraction temperature T (K), extraction time t (h) and a multiple of solvent B (mL/g) are provided. After all, the model can predict accurately to a large extent, and describe well the extraction dynamic process of SS concentration of Russian olive.
